observed that when glucose-grown log-phase cells, which had been washed free from the growth medium by centrifugation, were transferred to a thymineless medium also lacking glucose there was no loss of viability. Using the more rapid and presumably more efficient technique of medium change by membrane filtration, we found the result of such a transfer to be inconsistent. In an attempt to obviate complications arising either from imperfect removal of glucose from the medium or from intracellular metabolic pools, or from accretion of glycerol usually present as a plasticizer in membrane filters, a novel technique was used to stop the energy flow. A carbon source, succinate (0.5%), which cannot be utilized anaerobically was used so that the energy flow could be efficiently stopped simply by bubbling nitrogen through the cell suspension. The second difficulty was also avoided, since this bacterial strain cannot utilize glycerol as a carbon source in the absence of 02.
therefore, involves a metabolic process.
Certain bacteria having a nutritional requirement for thymine lose viability when incubated in a growth medium complete except for thymine. This has been termed thymineless death (Cohen and Barner, 1954) , and is pertinent to studies of both replication and control of synthesis of deoxyribonucleic acid (DNA) because only those cells in the act of DNA synthesis at the time of thymine removal are sensitive, i.e., lose viability (Maal0e and Hanawalt, 1961) . That is, either the system here out of control is active or its site of action is available only during the period of allowed DNA synthesis. The precise conditions for thymineless death have caused controversy principally because the distinction between the above-mentioned sensitive cells and the remaining (intersynthetic) "immune" fraction has not always been made; this has led to confusion between inhibition of death and interconversions of sensitive and immune cells.
One proposed requirement has been that active metabolism is necessary to initiate the death process. Cohen and Barner (1954) observed that when glucose-grown log-phase cells, which had been washed free from the growth medium by centrifugation, were transferred to a thymineless medium also lacking glucose there was no loss of viability. Using the more rapid and presumably more efficient technique of medium change by membrane filtration, we found the result of such a transfer to be inconsistent. In an attempt to obviate complications arising either from imperfect removal of glucose from the medium or from intracellular metabolic pools, or from accretion of glycerol usually present as a plasticizer in membrane filters, a novel technique was used to stop the energy flow. A carbon source, succinate (0.5%), which cannot be utilized anaerobically was used so that the energy flow could be efficiently stopped simply by bubbling nitrogen through the cell suspension. The second difficulty was also avoided, since this bacterial strain cannot utilize glycerol as a carbon source in the absence of 02.
In the present study, the observation of Barner and Cohen (1954) ginine and uracil) with nitrogenation and with succinate as carbon source. Log-phase succinategrown cells were transferred to a nitrogenated medium lacking arginine, uracil, and succinate, and containing C'4-thymine; samples were removed periodically for radioactive counting. The amount of thymine incorporated was less than 5% of that for a sample grown in air with succinate as carbon source. However, this amount is still more than that incorporated after thymine removal; thus, the result is inconclusive.
DISCUSSION
Metabolism is apparently necessary for all stages of thymineless death. The fact that energy must be continuously supplied is important, since it shows that in this respect there is no difference between the lag period and the exponential phase of killing, suggesting that the same chemical preparations occur in both phases. One interpretation, then, of the shape of the survival curve is that in the absence of thymine the cell synthesizes some substance(s) that can directly or indirectly cause death after reaching a critical concentration, and that the lag represents this build-up time. The fact that after readdition of 02 the survival curve continues from the point at which nitrogenation was begun implies that this hypothetical substance is not labile and is not consumed in the absence of metabolism. An alternate possibility is that during thymine starvation a chemical change in some essential component occurs, and that many primary lesions are necessary before death occurs, i.e., the lag is indicative of a multihit survival curve. It has, however, been pointed out that the transition from the lag to exponential killing is more abrupt than ever seen for multihit curves (Maal0e, 1963) .
This raises the question whether death occurs in the thymineless medium or afterwards on the plating medium. The possibility exists that after thymine starvation a lethal lesion is already present, or that some accumulated product causes death during growth in complete medium. To distinguish these alternatives, one must seek conditions following thymine starvation which modify the lethal response, or physical or chemical changes in the cell which are evident immediately after starvation and which are irreversible changes that predetermine death. Maaloe (1963) discussed experiments suggesting that death occurs on the plating medium, and described the accumulation of unusual substances during thymine starvation. However, chemical changes in DNA (loss of susceptibility to methylation, single strand breaks) also occur during the period of thymine starvation (Gold and Hurwitz, 1963; Mennigman and Szybalski, 1962) . In neither case has it yet been possible to decide whether the observed changes are the cause of death or merely symptoms of the thymineless disease, and it remains to be seen whether this accumulation or these chemical changes still occur during nonlethal thymine starvation accompanying nitrogenation.
Although the present experiments cannot distinguish between the above hypotheses, several constraints are imposed by the observation that death stops immediately when oxygen is removed. On the accumulation hypothesis, the accumulating substance must be synthesized by an oxygenrequiring process, and the precursor pool for any intermediate past the 02-requiring step would have to be very small. On the chemical or physical change hypothesis, some component is assumed to be irreversibly altered so that it no longer functions. Nuclease damage can probably be ruled out, for, unless the particular nuclease is extremely labile, degradation would probably continue as is the usual situation in vitro. On the assumption that the chemical change requires some intermediate, either (i) the reaction with the essential cell component must require metabolic processes, or (ii) the intermediate must exist in very small quantities, be consumed in the reaction or be labile, and require concomitant metabolism for its synthesis. With respect to nuclease action, Mennigman and Szybalski (1962) suggested that the DNA of Bacillus subtilis starved of thymine in the presence of 5-fluorouracil deoxyriboside contains single strand breaks. However, studies (Freifelder, unpublished data) on DNA isolated from E. coli cells that have undergone thymineless death and examined by the technique of Freifelder and Davison (1963) have failed to give evidence for the existence of these breaks; the present limit is fewer than one break per 10 million molecular weight.
